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1
MASKED PIXEL ARRAYS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to 1imaging devices, and
more particularly to imaging devices for forming multi-
chromatic 1mages or multi-spectral measurements.

2. Description of Related Art

Photosensors can be used to make monochromatic
images, wherein the pixels collect photons and convert light
energy 1nto electrons. A monochrome 1mage can be formed
by reading all of the electrons from an array of pixels to
determine how much light was 1ncident on each pixel. Such
a device 1s commonly referred to as a focal plane array
(FPA). In addition, the FPA can be used to measure spectral
content without forming an 1mage.

Multi-chromatic 1images can be made using optical filters
to filter different colors of light for different pixels. For
example, a photosensor having a color filter array with RGB
color filters on a square grid of pixels can be arranged 1n a
Bayer pattern as taught in U.S. Pat. No. 3,971,063, The raw
image data can be developed 1nto a full color 1image using
interpolation algorithms.

(Given the performance of a traditional monochrome FPA,
traditional multi-chromatic optical sensors have to trade
color selectivity for less sensitivity and more noise, ulti-
mately limiting 1mage quality. Limited image quality can
ultimately limit the amount of information contained in an
image. There 1s an ever present need in the art for optical
sensors with increased color selectivity while maintaining
maximum possible sensitivity with low noise as well as
good spatial and temporal resolution. The present disclosure
provides a solution for this need.

SUMMARY OF THE INVENTION

An optical sensor includes an array of pixels configured to
convert photons into electrons for forming an 1image. A filter
assembly 1s operatively associated with the array of pixels
for passing predetermined bandwidths of photons to the
array of pixels. A mask 1s operatively associated with the
array of pixels and the filter assembly. The mask includes a
plurality of apertures each for limiting photons passing
through the filter assembly to a respective pixel 1n the array
ol pixels.

In certain embodiments, the configuration of one aperture
in the mask 1s different from the configuration of at least one
other aperture 1n the mask. The filter assembly can 1nclude
a plurality of filters, each operatively associated with a
respective pixel in the array of pixels for passing photons of
a predetermined bandwidth to the respective pixel.

As one example, 1t 1s contemplated that the array of pixels
can include repeated patterns of four pixels, wherein the
filter assembly 1ncludes a shortwave infrared (SWIR) filter
for passing SWIR photons to a first one of the four pixels,
a near infrared (NIR) filter for passing NIR photons to a
second one of the four pixels, a red filter for passing red
photons to a third one of the four pixels, and a green filter
for passing green photons to a fourth one of the four pixels.
The four pixels can be arranged in a two by two pixel array,
wherein the red and green pixels are diagonal from one
another across the array.

The dimensions of the apertures can be determined such
that each pixel would have the same relative response,
within 30%, while viewing a uniform, diffuse scene. This
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cnables a single integration time setting for the FPA while
yielding a balanced output across the array.
As another example, 1t 1s contemplated that the array of

pixels can include five pixels, wherein the filter assembly
includes a SWIR filter for passing SWIR photons to a first
one of the five pixels, a NIR filter for passing NIR photons
to a second one of the five pixels, a red filter for passing red
photons to a third one of the five pixels, a green filter for
passing green photons to a fourth one of the five pixels, and
a blue filter for passing blue photons to a fifth one of the five
pixels. The SWIR filter, NIR filter, red filter, green filter, and
blue filter can be aligned in a row with one another.

In another aspect, an optical sensor includes an array of
pixels configured to convert photons into electrons for
forming an 1mage and a filter assembly operatively associ-
ated with the array of pixels for passing predetermined
bandwidths of photons to the array of pixels. The filter
assembly includes a plurality of filters defining an intra-filter
space therebetween. A mask 1s defined within the intra-filter
space to prevent photon leakage from one filter to another.

These and other features of the systems and methods of
the subject disclosure will become more readily apparent to
those skilled 1in the art from the following detailed descrip-
tion of the preferred embodiments taken in conjunction with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that those skilled in the art to which the subject
disclosure appertains will readily understand how to make
and use the devices and methods of the subject disclosure
without undue experimentation, preferred embodiments
thereof will be described 1n detail herein below with refer-
ence to certain figures, wherein:

FIG. 1 1s a schematic exploded perspective view of an
exemplary embodiment of an optical sensor constructed 1n
accordance with the present disclosure, showing an array of
four pixels, a filter assembly, and a mask with a plurality of
apertures for limiting photons passing through the filter
assembly to respective pixels in the array of pixels; and

FIG. 2 1s a schematic exploded view of another exemplary
embodiment of an optical sensor constructed in accordance
with the present disclosure, showing an array of pixels with
corresponding mask apertures and {ilters for five pixels.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Retference will now be made to the drawings wherein like
reference numerals 1dentity similar structural features or
aspects of the subject disclosure. For purposes of explana-
tion and 1llustration, and not limitation, a partial view of an
exemplary embodiment of an optical sensor 1n accordance
with the disclosure 1s shown in FIG. 1 and 1s designated
generally by reference character 100. Another embodiment
of an 1maging sensor in accordance with the disclosure is
provided 1 FIG. 2, as will be described. The systems and
methods described herein can be used improve 1mage qual-
ity. Four and five color imaging systems are described below
wherein colors include colors that may not be visible to the
human eye, but which nonetheless can be used to add
information to an 1mage, €.g. a false color image. Two such
exemplary colors are shortwave infrared (SWIR) and near-
inirared (NIR).

Optical sensor 100 includes an array of pixels 102 con-
figured to convert photons into electrons for forming an
image. A filter assembly 104 1s operatively associated with
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the array of pixels 102 for passing predetermined band-
widths of photons to the array of pixels 102. For example,
filter assembly 104 can be adhered to the array of pixels 102
with a transparent layer of adhesive 106 as indicated by the
assembly lines 1n FIG. 1. A mask 108 1s operatively asso-
ciated with the array of pixels 102 and the filter assembly
104. Mask 108 can be formed on an optical substrate 101
and 1ncludes a plurality of apertures 110, 112, 114, and 116
cach for limiting photons passing through filter assembly
104 to a respective pixel 126, 128, 130, and 132 1n the array
of pixels 102. The configuration of each aperture 110, 112,
114, and 116 1s different from the others based on pixel color
and performance characteristics, as described below,
although 1t 1s contemplated that in certain applications some
of the apertures may be 1dentical 1n configuration, e.g., 1f the

array includes multiple pixels of the same color.
The filters 118, 120, 122, and 124 are deposited on top of

aperture mask 108, which 1s itself deposited on the optical
substrate 101. In short, filter assembly 104 includes filters
118, 120, 122, 124, mask 108, and optical substrate 101.

Filters 118, 120, 122, and 124 are operatively associated
with respective pixels 126, 128, 130, and 132 1n the array of
pixels 102 for passing photons of a predetermined band-
width to the respective pixel 126, 128, 130, or 132. Option-
ally, pre-filters 105 can be included, wherein filters 118, 120,
122, and 124 are implemented in a two stage manner,
wherein pre-filters 105 are placed on the opposite side of
optical substrate 101 from filters 118, 120, 122, and 124 to
provide a thicker filter or at another location 1n the optical
path.

As a non-limiting example, filter 118 1s a SWIR filter for
passing SWIR photons to pixel 126. Aperture 110 of mask
108 1s aligned with filter 118 and limits photons passing
through the filter 118. In this example, aperture 110 has
dimensions such that the signal to noise ratio for pixel 126
1s the same as the other pixel/filter combinations on the array
of pixels 102 to within 30%. Filter 120 1s a filter for passing
visible light photons, e.g., a green filter, to pixel 128 in the
array ol pixels 102. Aperture 112 1s aligned with filter 120
and pixel 128 to limit photons passing through the filter 120.
In this example, aperture 112 has dimensions such that the
signal to noise ratio for pixel 128 1s the same as the other
pixel/filter combinations on the array of pixels 102 to within
30%. Filter 122 1s a filter for passing NIR photons to pixel
130 1n the array of pixels 102. Aperture 114 1s aligned with
filter 122 and pixel 130 to limit photons passing through the
NIR filter and has dimensions such that the signal to noise
ratio of pixel 130 1s the same as the other pixel/filter
combinations on the array of pixels 102 to within 30%. Filter
124 is a filter for passing visible light photons, e.g., a red
filter, to pixel 132. Aperture 116 1s aligned waith filter 124 and
pixel 132 to limit photons passing through the filter 124.
Aperture 116 has dimensions such that the signal to noise
ratio for pixel 130 1s the same as the other pixel/filter
combinations on the array of pixels 102 to within 30%. It 1s
contemplated that the corner features of the rectangular
apertures 110, 112, 114, and 116 can be radius fillets for
enhanced manufacturability.

In short, the pixel pattern 1n optical sensor 100 1s of four
pixels arranged 1n a two pixel by two pixel array, wherein the
red and green pixels are diagonal from one another across
the array. The dimensions of the apertures can be determined
such that each pixel would have the same relative response,
within 30%, while viewing a uniform, diffuse scene. This
enables a single integration time setting for the FPA while
yielding a balanced output across the array. The ellipses in
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FIG. 1 schematically indicate that this four pixel pattern can
be tiled or repeated over a focal plane, e.g., to provide for
multiple megapixels.

Optical sensor 100 provides for four color images, namely
images that include red, green, SWIR, and NIR components.
With reference to FIG. 2, another exemplary optical sensor
200 1s shown for producing five-color images, adding blue
to the four colors icluded 1n optical sensor 100. In optical
sensor 200, the array of pixels 202 includes five pixel groups
227, 229, 231, 233, and 235 of nine pixels each. Each pixel
group includes a respective central pixel 226, 228, 230, 232,
and 234 surrounded by eight peripheral pixels. In this
example, the filter assembly includes a SWIR filter 218 for
passing SWIR photons to pixel group 231, a NIR filter 222
for passing NIR photons to pixel group 227, a red filter 224
for passing red photons to pixel group 235, a green filter 220
for passing green photons to pixel group 233, and a blue
filter 236 for passing blue photons to pixel group 229. The
aperture mask shown 1n FIG. 2 includes apertures 242, 244,
246, 248, and 250 corresponding to filters 224, 236, 220,
218, and 222, respectively. Although not depicted 1n FIG. 2,
it 1s to be understood that pre-filters such as those described
above with respect to FIG. 1 can be included with sensor
200.

The relative aperture sizes for each filter and pixel are
indicated by the relative sizes of apertures 242, 244, 246,
248, and 250 in FIG. 2. In this example, aperture 242 (red)
can have dimensions such that the signal to noise ratio for
pixel group 235 1s the same as the other pixel group/filter
combinations on the array of pixels 200 to within 30%.
Likewise, aperture 244 (blue) can have dimensions such that
the signal to noise ratio for pixel group 229 is the same as
the other pixel group/filter combinations on the array of
pixels 200 to within 30%; aperture 246 (green) can have
dimensions such that the signal to noise ratio for pixel group
233 1s the same as the other pixel group/filter combinations
on the array of pixels 200 to within 30%; aperture 248
(SWIR) can have dimensions such that the signal to noise
ratio for pixel group 231 1s the same as the other pixel
group/filter combinations on the array of pixels 200 to
within 30%; and aperture 250 (NIR) can have dimensions
such that the signal to noise ratio for pixel group 227 1s the
same as the other pixel group/filter combinations on the
array of pixels 200 to within 30%. The aperture sizes provide
for complete filter coverage of each of the central pixels 226,
228, 230, 232, and 234, and for partial coverage of the
respective eight peripheral pixels of pixel groups 227, 229,
231, 233, and 235. The SWIR filter 218, NIR filter 222, red
filter 224, green filter 220, and blue filter 236 are aligned 1n
a row with one another. The ellipses 1n FIG. 2 indicate the
five pixel group pattern of three-by-three pixel groups
shown can be repeated, e.g., to tile over a focal plane for
forming five-color images.

Those skilled 1n the art will readily appreciate that the
aperture dimensions and shapes described herein are exem-
plary implementations, and that any other suitable configu-
rations can be used for given applications dependent on
illumination, target, and pixel performance details.

Referring again to FIG. 1, in optical sensor 100, the
individual filters 118, 120, 122, and 124 of filter assembly
104 cach define a respective structure that 1s generally
pyramidal. More specifically, each of the filters 118, 120,
122, and 124 1s formed by layering multiple layers of optical
film of different thicknesses and properties into a stack.
During the layering process, each successive layer 1s smaller
than the previous layer as i1s characteristic of using standard
deposition techniques. The resulting structure of filter
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assembly 104 1s a block of four filters 118, 120, 122, and 124
in the shape of truncated, stepped pyramids with an intra-
filter space 138 defined between the pyramids of filters 118,
120, 122, and 124. The steps on the sides of the pyramids are
not shown 1n FIG. 1 due to clanty at the scale shown, e.g.,
where about 400 layers can be used to create an individual
filter. A mask 1s defined within the intra-filter space 138,
which can be provided as a space filling mask, or a coating
applied on the sloping faces of the filters. It 1s also contem-
plated that the mask 1n intra-filter space 138 can be a thin
coating on the sloped surfaces of the filters and the surface
between the filter structures coating the aperture mask 108.

The exemplary sensor configurations described herein are
based on 1llumination conditions and FPA characteristics for
applications utilizing SWIR and NIR 1maging. Those skilled
in the art will readily appreciate that modifications can be
made, e.g., different pixel color choices, different numbers
of pixel colors, and the like, as needed on an application by
application basis. The distance between pixels 1s another
design parameter that can be varied from application to
application. The range 1s driven by filter performance, e.g.
performance of a filter and pre-filter as a filter pair as
described above. The design space also allows for consid-
erable variation in filter substrate height, but as one example,
the filter substrate height from the FPA in applications
including SWIR and visible pixels will be about 6 um to
about 20 um, e.g., 8 um for sensor 100. Sensors without the
techniques disclosed herein tend to ofler reduced dynamic
ranges, less color selectivity, and reduced optical signal to
noise ratios.

The methods and systems of the present disclosure, as
described above and shown in the drawings, provide for
optical sensors with superior properties including improved
imaging quality. While the apparatus and methods of the
subject disclosure have been shown and described with
reference to preferred embodiments, those skilled in the art
will readily appreciate that changes and/or modifications
may be made thereto without departing from the spirit and
scope of the subject disclosure.

What 1s claimed 1s:

1. An optical sensor comprising:

an array ol pixels configured to convert photons into
clectrons for forming an image;

a filter assembly operatively associated with the array of

pixels for passing predetermined bandwidths of pho-
tons to the array of pixels; and

a mask operatively associated with the array of pixels and
the filter assembly, wherein the mask includes a plu-

10

15

20

25

30

35

40

45

6

rality of apertures each for limiting photons passing
through the filter assembly to a respective pixel in the
array ol pixels,

wherein the filter assembly includes at least one SWIR

filter for passing SWIR photons to a respective pixel n
the array of pixels,
wherein one of the apertures limits photons passing
through the SWIR filter and has dimensions such that
signal to noise ratio for the respective pixel i1s the same
as the other pixels on the array of pixels to within 30%,

wherein the filter assembly includes at least one filter for
passing visible light photons to the array of pixels,

wherein one of the apertures limits photons passing
through the visible light filter and has dimensions such
that signal to noise ratio for the respective pixel 1s the
same as the other pixels on the array of pixels to within
30%,

wherein the filter assembly includes at least one filter for

passing NIR photons to the array of pixels,

wherein one of the apertures limits photons passing

through the NIR filter and has dimensions of such that
signal to noise ratio for the respective pixel i1s the same
as the other pixels on the array of pixels to within 30%,
and

wherein the array of pixels includes four pixels, wherein

the filter assembly 1ncludes a SWIR filter for passing
SWIR photons to a first one of the four pixels, a NIR
filter for passing NIR photons to a second one of the
four pixels, a red filter for passing red photons to a third
one of the four pixels, and a green filter for passing
green photons to a fourth one of the four pixels.

2. An optical sensor as recited 1n claim 1, wherein the four
pixels are arranged 1n a two by two pixel array, wherein the
red and green pixels are diagonal from one another across
the array.

3. An optical sensor as recited in claim 1, wherein the
array of pixels includes five pixels, wherein the filter assem-
bly includes a SWIR filter for passing SWIR photons to a
first one of the five pixels, a NIR filter for passing NIR
photons to a second one of the five pixels, a red filter for
passing red photons to a third one of the five pixels, a green
filter for passing green photons to a fourth one of the five
pixels, and a blue filter for passing blue photons to a fifth one
of the five pixels.

4. An optical sensor as recited 1in claim 3, wherein the
SWIR filter, NIR filter, red filter, green filter, and blue filter

are aligned 1n a row with one another.
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